Abstract The aim of the present study was to investigate the protective role of grape seed extract (containing proanthocyandin) against the adverse effects of plant growth regulators (GA 3 (gibberellic acid) and IAA (indoleacetic acid)). The present data showed that the administration of either GA 3 and IAA caused undesirable changes in both hepatic and testicular structure. This was evidenced by a disturbed hepatic strands, pyknotic nuclei, central vein with collapsed endothelium, dilatation in bile sinusoids, congested blood vessel, binucleatd hepatocytes, lymphocytic infiltration, vacuolation, giant hepatic cells, increased Kupffer cells and karyoryxis. Additionally, it was shown that degenerative changes in the testis, spermatogenic arrest, moderate tubular necrosis, Leydig cell degeneration and reduction in the number and size of the seminiferous tubules with some spermatogonia detached from the basement membrane. Concerning flow cytometric study of the liver a significant decrease in G0/1 % and a significant increase in S phase %, G2/ M %, P 53 % and apoptosis % (sub G1) were detected. However, in testis the data recorded a significant decrease in the percentage of mature sperm (percentage of haploid cells) and a significant increase in the percentage of spermatide, diploid cells, P 53 and of apoptotic cells. On the other hand, a distinct recovery of the mentioned hepatic and testicular histopathological and cytogenetic disorders was observed when proanthocyanidin was supplemented to rats administered either of the plant growth hormones (GA 3 and IAA).
Introduction
Plant growth regulators (PGRs) or phytohormones are not nutrients, but chemicals that promote and influence the growth, development and differentiation of cells and tissues (Helgi and Stephen 2005) . There are six major classes of growth promoting hormones-Abscisic Acid, Auxins, Cytokinins, Ethylene, Gibberellins and Polyamines. However, many chemicals are currently used in agriculture, and plant growth regulators (PGRs) are among those widely employed. The amounts of these substances placed into the environment may soon exceed those of insecticides. Although PGRs are used for pest control and their use on a wide variety of crops is increasing, there are hazardous physiological effects on different mammalian organs ). Among PGRs, gibberellin A 3 (GA 3 ), it is widely used as a plant growth and flowering regulator in many countries, however, it has potential hazardous effects on human health (Chaari-Rkhis et al. 2006) . It could exert toxic effects on many soft organs including the liver . Furthermore, several studies demonstrated that, the chronic consumption of GA 3 increased tumor formation and oxidative stress (Erin et al. 2008) . Alternatively, indole-3-acetic acid (IAA) is the most abundant naturally occurring auxin, well known for its regulatory function in plant growth (Rapparini et al. 2002) . A toxic effect of IAA on animal organisms was showed through generation of reactive oxygen species (ROS) and excited oxygen intermediates resulting in renal dysfunction, hypoglycemia, and myotonia (Yilmaz and Yuksel 2004) .
As a prophylactic action, a large number of synthetic and natural antioxidants have been demonstrated to induce beneficial effects on human health and disease prevention. However, the structureactivity relationship, bioavailability and therapeutic efficacy of the antioxidants differ extensively. Grapes (Vitis vinifera L.) belong to the world's largest fruit crops with a global production of around 69 million tons in 2006 (Faostat 2007) . Proanthocyanidin contain catechin monomer, dimer and trimer, all of which are water-soluble molecules and contain a number of phenolic hydroxyls (Bagchi et al. 2002; Serrano et al. 2009 ). Oligomeric proanthocyanidin, a naturally occurring antioxidant has been reported to possess a broad spectrum of biological, pharmacological and therapeutic activities against free radicals and oxidative stress (Bagchi et al. 2000; Spranger et al. 2008; Hassan et al. 2013) . Besides antioxidant activity, proanthocyanidin has been described as antimicrobial compound, anti-cancer agent, anti-inflammatory agent with cardioprotective properties (Serrano et al. 2009 ) and as anti-fatigue (Shan et al. 2010) hepato-reno protective agent (Hassan and AlRawi 2012) .
Therefore, the present study aims to investigate the possible protective role of PAC against the hepatic and testicular adverse effects induced by two widely used plant growth regulators, GA 3 and IAA.
Materials and methods

Chemicals
GA 3 , IAA and all chemicals were purchased from Sigma Chemical Company (St. Louis, MO, USA). PAC was purchased from the Arab Company for Gelatin and Pharmaceutical Products (Alexandria, Egypt) under licence of Nulife International U.S.A.
Experimental animals
Adult male albino rats (Rattus rattus) weighing about 130-140 g were used in this study. Experimental animals were housed in cages with free access to drinking water and diet and were kept at 22-24°C with 12 h light/dark cycle. All animals received human care and our study complies with the institutional guidelines.
Animal grouping and design
The animals were divided into six groups, 6 rats each; control group, proanthocyanidin (PAC) group, gibberellic acid (GA 3 ) group, indoleacetic acid (IAA) group, gibberellic acid and proanthocyanidin (GA 3 ? PAC) group and indoleactic acid and proanthocyanidin (IAA ? PAC) group. The animals received GA 3 or IAA in drinking water at a dose of 75 ppm/L (Celik et al. 2007 ) and 100 ppm/L respectively. While, PCA was freshly prepared and orally given daily to rats at a dose of 100 mg/kg bw (28 g of PAC was dissolved in 1 L of water) equivalent to the human therapeutic dose (Ghosh 1971 ) using gastric intubation (Karthikeyan et al. 2007 ). All treatments were continued for 60 days 6 days a week.
At the end of the experimental period, overnight fasted rats were sacrificed and both liver and testis were quickly cleaned, dissected, rinsed with isotonic salin. Samples were taken for histopathological and flowcytometric studies.
Histopathological studies
Liver and testis samples were carefully fixed in neutral formalin solution10 %, dehydrated in ascending grades of ethanol, cleared in xylene, embedded in a paraffin wax, sectioned at 5-7 lm and stained with hematoxylin and eosin. The stained sections were examined and photographed under a research light microscope to detect the histopathological changes (Drury et al. 1976 ).
Flow cytometric analysis
Flow cytometric analysis of cell cycle DNA and percentage of apoptotic cells by propidium iodide: Frozen tissues of liver and testis were suspended in 800 lL PBS. Hundred microliters RNase (1 mg/mL PBS) and 100 lL propidium iodide (400 lg/mL) were added and incubated at 37°C for 30 min. The analysis of apoptotic cell death was performed by measuring the DNA contents using the method described by Nicoletti et al. (2001) using a FACS calibur flow cytometer (Becton-Dickinson, Sunnyvale, CA, USA) equipped with a compact air cooled low power 15 m watt argon iron laser beam (488 nm). The average number of the evaluated nuclei per specimen was 20.000 and the number of nuclei scanned was 120 per second. DNA histogram derived from flow cytometry was obtained with a computer program for mathematical analysis (Dean and Jett 1974) . Flow cytometry P 53 protein expression was performed using fluorescence threshold using a FACS Calibur Flow Cytometer (Becton Dickinson, Sunnyvale, CA, USA) as described by Brotherick et al. (1995) .
Statistical analysis
The obtained results in the present work were evaluated by One Way ANOVA (analysis of variance) test and post comparison was carried out with the Duncan test. The results were expressed as mean ± standard error (SE). The values of p B 0.05 were considered statistically significant (Snedecor and Cochran 1982) .
Results
Histopathological observation of liver
As shown in Fig. 1a , b, the histopathological observation of livers in control (A) and proanthocyanidin (B) groups showed normal liver cells (hepatocytes) (HC), hepatic strands (HS), hepatic sinusoids, central vein (CV), endothelium (EN), and Kupffer cells (KC). However, treatment with either GA 3 or IAA exerted histopathological effects on the hepatic tissue illustrated in; disturbed hepatic strands (DHS), pyknotic nuclei (PKN), central vein with collapsed endothelium (CE), dilatation in bile sinusoids (DBS), congested blood vessel (CBV), binucleated hepatocytes (BN), lymphocytic infiltration (LI), vacuolation (V), giant hepatic cells (GH), more Kupffer cells (KC) and karyoryxis (K) (Fig. 1c-e) . On the other hand, combined treatment of GA 3 ? PAC or IAA ? PAC revealed quitenormal hepatic strands and hepatocytes, normal central vein without congestation, little dilatation of bile sinusoids, few binucleatd hepatocytes and few Kupffer cells (Fig. 1f, g ).
Histopathological observation of testis
Histopathological observation of testis in both control and proanthocyanidin (PAC) groups showed normal testicular structure where each seminiferous tubule (ST) was lined with a germinal epithelium and contained several rows of the successive stages of spermatogenesis with supporting cells of Sertoli scattered in between. Numerous rounded or hemispherical spermatogonia were lying adjacent to the basal lamina. The primary spermatocytes were the largest among different stages whereas the spermatids were the smallest spermatogenic cells and constituted the most superficial layers of the germinal epithelium. Mature spermatozoa heads appeared directed towards the elongated Sertoli cells (Fig. 2a, b) . However, histopathological investigation of sections of the testis in GA 3 or IAA treated rats showed disturbances in spermatogenesis process including degenerative changes in the testis with sever disintegration of spermatocytes, spermatogenic arrest with moderate tubular necrosis and Leydig cell degeneration. In addition, there was a reduction in the size of the seminiferous tubule, detached spermatogonia from the basement membrane; tunica albuginea (TA) and sperm degeneration (Fig. 2c-f) . Furthermore, the treatment with IAA showed in some cases the complete absence of all spermatogenesis stages. On the other hand, combined treatment of GA 3 ? PAC or IAA ? PAC revealed some improvement in spermatogenesis process as judged by the prescence of all stages of sperm formation, quite normal testicular histoarchitecture and seminiferous tubules tightly connected together with intertubular connective tissue (IT) (Fig. 2g, h ).
Flow cytometric observation of liver and testis
Regarding flow cytometric observation of the liver (Table 1) , the data indicated that there was significant decrease in the percentage of G0/1 and significant increases in the percentage of S phase, the percentage of G2/M, of P 53 and of apoptosis in rats treated with GA 3 and IAA compared to the control group. Meanwhile, there was significant increase in the percentage of G0/1 and significant decreases in the percentage of S phase, of G2/M, of P 53 and of apoptosis in rats treated with GA 3 or IAA and PAC compared to the matching control groups. G0/1 % is still lower, while S phase % and G2/M % are still higher. However, in testis (Table 2) , the flow cytometric data recorded a significant decrease in the percentage of mature sperm (percentage of haploid) and significant increase in the percentage of spermatide, of diploid, of P 53 and of apoptosis. On the other hand, a distinct recovery of the mentioned hepatic and testicular cytogenetic disorders was observed when proanthocyanidin was supplemented to rats administered either of the plant growth hormones (Figs. 3, 4) .
Discussion
There is growing evidence that the presence of various chemical contaminants in the natural environment and food including plant growth regulators can adversely affect health. Their potential hazardous effects on human health are relatively unexplored (Troudi et al. 2010 ). In the present study, gibberellic acid (GA 3 ) and indoleacetic acid (IAA) were chosen because information on their toxicological biological effects in higher animals is very limited. Proanthocyanidin is the most abundant polyphenol in human diets (Blad et al. 2010) . Recent studies suggest that in vivo grape seeds proanthocyanidin exposure may protect multiple organs from a variety of toxic materials (Yilmaz and Toledo 2004) .
The current results showed that GA 3 or IAA exerted histopathological effects on the liver (disturbed hepatic strands, pyknotic nuclei, central vein with collapsed endothelium, dilatation in bile sinusoids, congested blood vessel, binucleatd hepatocytes, lymphocytic infiltration, vacuolation, giant hepatic cells, increased Kupffer cells and karyoryxis). This is in accordance with Troudi et al. (2009) who observed that intrahepatic blood vessels, central and portal veins are congested and their lining epithelia are eroded. This is besides an inflammatory leucocytic infiltrations, which were more pronounced in the livers of treated mother rats than in their offspring when mother rats were given daily 200 ppm GA 3 in drinking water from the 14th day of pregnancy until day 14 after delivery. Obtained results also revealed that GA 3 or IAA exerted histopathological effects on the testis (disturbances in spermatogenesis process, degenerative changes in the testis, spermatogenic arrest, moderate tubular necrosis, Leydig cell degeneration and reduction in the size of the seminiferous tubule with some spermatogonia detached from the basement membrane). Such results are in accordance with Ravikumar and Srikumar (2005) .
The leucocytic infiltrations were considered as a prominent response of the body tissue facing any injurious impacts (Abdel-Rahaman and Zaki 1992). The interpretation of vacuolar formation may be due to the increased amount of ROS product which might attack membranes and enhance their permeability leading to vacuolization, the primary response to all forms of cell injury or to the marked disturbances in lipid inclusions as a result of injurious treatments as shown by Sherlock and Doely (1993) . According to these authors, the enhanced permeability of cell membranes leads to an increase in intracellular water which sufficiently accumulates within the cell and produces cytoplasmic vacuolization.
Moreover, oxidative stress is presumed to play an important role in hepatic fibrogenesis and several Fig. 1 Photomicrograph of a 5 lm liver section stained with H&E, representative of (a) control group, b proanthocyanidin group, c, d gibberellic acid group, e indoleacetic acid group, f gibberellic acid and proanthocyanidin group and g indoleacetic acid and proanthocyanidin group (Scale bar represents 400 lm). BN binucleatd hepatocytes, BS bile sinusoids, CBV congested blood vessel, CV central vein, DBS dilatation in bile sinusoids, DHS disturbed hepatic strands, EN normal endothelium, GH giant hepatic cells, HC hepatocytes, HS hepatic strands, K karyoryxis, KC Kupffer cells, LI lymphocytic infiltration, PKN pyknotic nuclei, V vacuolation b Cytotechnology (2014) 66:585-596 589 reports of liver pathology show a significant alteration of cellular structure (Penteado et al. 2002; Sarandol et al. 2005) . The administration of proanthocyanidin (PAC) caused significant histopathological improvement in hepatic and testicular tissues. This is in agreement with Hassan (2005) , Juan et al. (2005) , Dulundu et al. (2007) , Sehirli et al. (2008) and Shin et al. (2010) . The last authors found that PAC remarkably reduced extensive hemorrhagic, necrosis and disruption of tissue architecture of hepatocytes due to dimethylnitrosamine administration and may be useful in preventing the development of hepatic fibrosis of rats.
The hepatoprotective effects of PAC may decrease paracrine stimuli which lead to hepatic fibrosis via activated hepatic stellate cells (HSCs), so the antifibrotic effect of PAC may be due to suppressed HSC activation via hepatoprotective effect. Also, the mechanism for the hepatoprotective effects of PAC in the development of liver fibrosis may be related to the reduction of lipid peroxidation by its antioxidative activity (Shin et al. 2010) . Moreover, it can exert its effect by scavenging ROS (Hemmati et al. 2008) .
Additionally, the protective effect of PAC on testis occurred probably through preventing the damage of testicular tissue induced by free radicals due to its enhanced degradation (Hassan et al. 2013) as well as to enhancement of the antioxidant defense system.
The recorded increment in the persentage of apoptosis and of P 53 may be due to the fact that IAA produces free radicals including indolyl, skatolyl, peroxyl radicals and ROS, such as, O 2 -and H 2 O 2 (Kawano et al. 2001 ). These ROS are well known to cause structural changes in plasma membranes via lipid peroxidation and to initiate cellular damage and apoptosis (Bongarzone et al. 1995) . However, the cytotoxic effect of IAA has been postulated to be caused by the products of the peroxidation of this acid leading to the formation of ROS (Pires de Mel et al. 1992) . Alternatively, reactive oxygen molecules (ROM) can trigger several of the apoptotic mechanisms activated by GA 3 and IAA. For example, ROM can activate P 53 , alter mitochondria permeability, release cytochrome C into the cytosol and even directly activate the caspases. The caspase pathway plays a key role in apoptotic cell death (Hengartner 2000) , and the activation of caspase-3 mediates the cleavage of protein substrates, such as poly-(ADPribose) polymerase (PARP) and the nuclear lamins (Nicholson et al. 1995) . IAA/HRP induces both caspase-3 activation and PARP cleavage, both of which were blocked by catalase/NADPH treatment. Thus, these results indicated that H 2 O 2 is intimately involved in the IAA/HRP-induced activations of JNK and p38, caspase-3 activation and PARP cleavage (Kim et al. 2006) .
In contrast, the present study showed that the percentage of apoptosis (sub G1) and of P 53 in liver and testis of rats treated with GA 3 or IAA were significantly decreased by the administration of proanthocyanidin (PAC). This beneficial effect may be due to the fact that PAC has remarkable scavenging activities especially for hydrophilic radicals such as peroxyl radicals and also scavenges superoxide radical, quenches singlet oxygen and chelates iron (Ariga 2004; Hassan and Abdel-Aziz 2010) . Moreover, grape seed extract (GSE) can block cell death signaling mediated through the proapoptotic transcription factors and genes such as c-jun or in other words by suppressing the proapoptotic protein c-jun (Feng et al. 2007) . Above all, proanthocyanidin has a strong GA 3 gibberellic acid, IAA indoleacetic acid, PAC proanthocyanidins, S significant MS % Mature sperm %, H % haploid %, Sp % spermatide %, D % diploid % inhibitory effect towards hydrogen peroxide (Zhu et al. 2002) which is an important cause for apoptosis process, so, decreasing hydrogen peroxide concentration leads to decreased percentage of apoptosis.
Conclusion
The results obtained in the current study revealed a highly adverse action of plant growth regulators (GA 3 M1: Percent of G0/1. M2: Percent of G2/M. and IAA) on the liver and testis functions and structure. However, proanthocyanidin administration has an ameliorative role against these risks by scavenging and reducing the ROS generated by GA 3 and IAA as well as through enhancing the antioxidant defense mechanism. Therefore, the present study recommends to minimize the use of the plant growth hormones and use proanthocyanidin, as a natural antioxidant component to ameliorate the hazards of such plant growth regulators. 
